Objectives. Assess pediatric providers' ability to identify visible plaque on children's teeth. Methods. Pediatric providers (residents, nurse practitioners, and attendings) conducting well-child care on 15-month to 5-year-olds in an academic practice examined children's maxillary incisors for visible plaque (recorded yes/no). A dental hygienist then examined the children and recorded the degree of visible plaque present. Results. The children's mean age was 34 months (±15 months), and 50% had visible plaque. Providers (n = 28) identified visible plaque on 39% of children (n = 118), with 55% sensitivity and 80% specificity, and agreement with hygienist measured as a κ score was 0.34. Subgroup analyses (based on provider training level, exam experience, child age, and plaque scores) did not appreciably improve sensitivity, specificity, positive predictive value, negative predictive value, or κ scores. Conclusions. Visible plaque exams performed during well-child care may not be accurate. To comply with caries-risk assessment guidelines, providers require further education in oral exams.
Introduction
Early childhood caries (ECC) is the most common chronic disease of childhood, yet it is preventable. ECC can cause pain, impaired speech development, facial cellulitis, and dental abscesses. Although children of all income levels and backgrounds are at risk, nonwhite and low-income-group children are disproportionately affected. [1] [2] [3] [4] Pediatric primary care providers (PCPs), who typically see young children more frequently than dentists, have an increasingly important role to play in addressing ECC. 5 Therefore, policy statements from the American Academy of Pediatrics (AAP) and the American Academy of Pediatric Dentistry recommend that PCPs perform oral health assessments on their young patients during routine well-child care. [5] [6] [7] As PCPs devote more time during well-child visits to oral health, it is important that the guidelines for oral health screening are supported by evidence of their utility.
The Oral Health Risk Assessment Tool developed by the AAP includes clinical findings indicative of caries risk, such as visible plaque accumulation, white spots, obvious decay, restorations, and gingivitis. 8 These findings reflect a progression to caries development in which plaque accumulation is the earliest visible sign of risk. Therefore, if a clinician is able to identify visible plaque on a child's teeth, counseling can be aimed at improving oral hygiene practices to decrease the risk of that child developing ECC. To date, this has not been shown. In this study, we assess the baseline ability of pediatric PCPs to detect visible plaque on young children's teeth because this finding can be a valuable component of the well-child oral exam and subsequent counseling.
Methods

Study Design and Setting
This cross-sectional study was designed to test agreement between several pediatric PCPs and 1 dental hygienist in the identification of visible plaque on the teeth of young children presenting for well-child care. The study was approved by the University of Pittsburgh Institutional Review Board, and written informed consent was obtained from all participating PCPs and children's parents. The study took place at an academic teaching practice that served 6110 unique patients during the fiscal year in which this study took place, about 75% of whom were Medicaid insured.
Participants
A registered dental hygienist served as the gold standard against whose exams PCP visible plaque exams were compared. There was only 1 hygienist for this study, and so interexaminer reliability was not tested. However, inherent in dental hygienist training and practice is the evaluation of oral health status with oral hygiene indices, such as the Simplified-Oral Health Index (OHI-S) used in this study. Therefore, we assumed that the hygienist had expertise in identifying visible plaque, and she was directly involved in selecting the OHI-S as an appropriate study measure.
Participating PCPs included attending pediatricians, pediatric nurse practitioners, and pediatric residents who provided well-child care in the clinic. Each PCP maintained a specific day or days of the week in which he or she saw patients for well-child care. Therefore, they were enrolled if they provided care on the days of the week that the dental hygienist was available to serve as the gold standard for visible plaque exams. A total of 28 PCPs were enrolled, and each saw a varying number of children based on a convenience sample of patients available to participate. PCP enrollment occurred individually or in small groups to accommodate individual schedules. During enrollment, PCPs were given an approximately 5-minute review of ECC and the role of plaque in caries development and shown pictures of visible plaque on tooth surfaces. The review was consistent with information provided by the AAP-endorsed Smiles for Life National Oral Health Curriculum. 9 The review was not intended to be an intervention in PCP knowledge and was, therefore, limited to only include information that PCPs needed to understand the purpose of the study and the role of plaque in the development of ECC.
Participating families included healthy children 15 months through 5 years old who were presenting to the clinic for routine well-child care in the company of a parent who was at least 18 years old. We chose a lower limit of 15 months for children because by this age most children have their central maxillary incisors. We chose an upper limit of 5 years, so as to be consistent with the definition of ECC as applying to children through this age. This variation in age was accounted for in analysis. Parents consented for themselves and their child in the exam room prior to their well-child visit with the PCP. Children were excluded if they did not possess at least 1 maxillary incisor, if they were in the company of an eligible younger sibling, or if their parent did not have adequate English proficiency to complete the informed consent form ( Figure 1 ).
Visible Plaque Exam
During routine well-child visits with enrolled families, participating PCPs examined the labial surface of the child's 2 central maxillary incisors. These teeth were chosen because they were likely to be erupted in all children enrolled and because caries in these teeth has been associated with greater caries incidence in posterior teeth. 10 The PCP then recorded whether or not visible plaque was observed on at least 1 of the maxillary incisors by checking "yes" or "no" on a study card. After the well-child visit, the study card was returned to the hygienist in a sealed envelope. In 3 cases, the provider returned the study card without filling it out. Abbreviations: WCC, well-child care; PCP, primary care provider. a The dental hygienist was often unavailable because she was occupied examining a different child.
The dental hygienist entered the exam room when the well-child visit with the PCP was concluded. The hygienist then performed an exam of the child's maxillary incisors and separately recorded findings for each tooth according to the OHI-S scoring system. The OHI-S rates the amount of visible plaque on a tooth's surface on a scale of 0 (no plaque visible) to 3 (nearly entire tooth with visible plaque). 11 The highest OHI-S between the 2 teeth was used in analysis and was discordant in only 1 child. The hygienist concluded the visit with standardized oral health counseling and oral hygiene instruction. The prevalence of visible plaque was calculated based on the dental hygienist's exams. A child was considered to have visible plaque present if the hygienist recorded an OHI-S score >0 for either maxillary incisor.
Data Analysis
Analyses were conducted to determine if parent or child demographic characteristics contributed to plaque prevalence because factors such as minority race and low income are associated with higher incidence of ECC. 2, 3 The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), percentage agreement, and κ statistic were calculated for PCP visible plaque exams using the hygienist's exam findings as the gold standard in analysis. Analyses were also conducted to determine if PCP accuracy or exam agreement with the hygienist improved by restricting data to those characteristics we hypothesized would support accurate identification. Specifically, analyses were performed to test the accuracy and agreement of PCP exams that were conducted: (1) on children with high plaque scores (OHI-S ≥2); (2) by more experienced PCPs (nurse practitioners or attendings); (3) on more cooperative children (≥3 years); and (4) by PCPs who had more practice with the visible plaque exam (had examined ≥8 different children). Analyses were run using Stata 11.1 statistical software. 12
Results
Participant Characteristics
The 28 enrolled PCPs examined a total of 121 children. Attendings and nurse practitioners represented the majority of enrolled providers and conducted the majority of plaque exams ( Table 1 ). The mean age of children examined was 34 months (standard deviation of 15 months). Most children were identified by their parent as Black or African American only and had Medicaid insurance. The majority of parents enrolled were mothers, had no education beyond high school or a GED, and reported a household income of <$20 000. Male gender and African American race increased the odds of being a child with visible plaque in this sample ( Table 2) .
Accuracy of PCP Exams
The prevalence of visible plaque in the study population based on dental hygienist exams was 50%. PCPs identified visible plaque on 39% of children. Overall, PCP exam sensitivity was low, but specificity was high enough to rule in most cases of visible plaque. PCPs had a higher sensitivity and NPV when analyses were restricted to children with high plaque scores. However, these calculations were based on a prevalence of children with high plaque scores of only 25%, which lessened the utility of the NPV. For all other group analyses, the confidence intervals overlapped for sensitivity, specificity, PPV, and NPV, indicating that restriction on PCP provider level, child age, and PCP experience with exam did not improve the PCP accuracy in identifying visible plaque on children's teeth (Table 3) .
Agreement With Hygienist
κ Scores were obtained to control for the probability of chance agreement between the dental hygienist's visible plaque exams and those of the PCPs. All PCPs were treated as one rater in analysis. This yielded a κ score of 0.34, suggesting fair agreement between the PCP and hygienist exams that was not a result of chance, according to Landis and Koch guidelines. 13 In addition, κ scores were obtained for specific groups, restricted by PCP and child characteristics, similar to the accuracy analysis. The highest κ score was 0.35, obtained for exams with high plaque scores (Table 3 ). 
Discussion
Under current pediatric training requirements, the visible plaque exam recommended by the AAP has limited utility in light of our findings. κ Scores show that PCP exams for visible plaque have some correlation to the caries risk factor, especially for children with higher degrees of plaque accumulation. However, sensitivity, specificity, PPV, and NPV measurements suggest that PCP exam skills need improvement before they can be reliably used in practice. Visible plaque remains an objective, reversible, and quickly assessed caries risk factor with potential utility in the pediatric well-child visit, regardless of this study's implication on the current state of PCP ability to identify it. Visible plaque at 19 months has been shown to positively correlate to the occurrence of caries at 36 months, 2, 14 and several other studies have confirmed the relationship between visible plaque and caries in young children. [15] [16] [17] [18] [19] [20] In addition, a systematic review of caries risks for young children suggested that although they are likely to develop caries if the bacteria Streptococcus mutans is acquired early, this risk may be compensated for by good oral hygiene (ie, good plaque control) and a noncariogenic diet. 21 An emphasis on plaque control needs to be communicated during well-child care because the prevalence of visible plaque in young, low-income populations has been reported to be as high as 42% to 52%, similar to the prevalence of 50% in this study. 16, 22 If visible plaque can be detected on children's teeth during well-child care, counseling can be targeted to oral hygiene techniques that remove this very tangible risk.
This study had several limitations. It was conducted at a single, urban, academic site with a largely minority, low-income population and, therefore, cannot be generalized to other clinic types, or other racial, ethnic, or Abbreviation: CI, confidence interval. a Missing data resulted in slightly different n for the following demographic calculations: ethnicity n = 120; Medicaid n = 117. b Missing data resulted in total n = 60 for visible plaque prevalence calculations categories of race, education, and income.
socioeconomic groups. However, the child demographics were consistent with reports of children at highest risk for the development of ECC. 2, 23 In addition, the analysis did not correct for the varying levels of oral health training and experience of the different PCPs. However, the resident participants had completed the children's section of the Smiles for Life Oral Health Curriculum approximately 6 months prior to study initiation as part of ongoing clinical review for providers in the practice. In addition, approximately 1 year prior to the study, all attending and nurse practitioner PCPs had undergone oral health training that certified them to receive Medicaid reimbursement for fluoride varnish applications in the state of Pennsylvania. Therefore, providers in this study may have had at least equal or more oral health training than the typical pediatric PCP. Regardless, neither the Smiles for Life Curriculum nor the fluoride varnish training included instruction on how to identify visible plaque. This study only used 1 hygienist to serve as the gold standard in the visible plaque exams; therefore, a consensus between several experts in dental hygiene was not used to determine the appropriate plaque score received by each child. This study did not randomize the enrollment of PCPs and child/parent participants, which may have created bias in the results. For example, it is not known if the typical child presenting for well-child care on days that the dental hygienist was enrolling patients had characteristics predisposing him or her to visible plaque that was different from those typically presenting on other days of the week. Also, because of its small sample size, this study was not able to determine provider improvement with the visible plaque exam over time.
Despite abundant evidence of the importance of and policies supporting PCP assessments of children's oral health, many clinicians report inconsistent screening practices and inadequate oral health training. In a 2009 survey of pediatricians, only 54% of respondents reported examining the teeth of more than half of their 0-to 3-year-old patients, and less than 25% had received oral health education in medical school, residency, or continuing education. 24 Fortunately, recent studies illustrate that pediatricians can be trained to successfully incorporate oral health teaching and interventions into their practices, such as the use of fluoride varnish. [25] [26] [27] Pediatricians can also be trained to accurately identify advanced dental caries in children's teeth and provide effective oral health counseling. 28, 29 However, it is also desirable for clinicians to detect visible plaque as an early warning sign of caries that signals a chance to intervene before disease progresses. This study demonstrates that PCPs require further training before they can reliably do this.
Regardless of training, PCPs have acknowledged difficulties providing comprehensive care to their patients and frequently cite a lack of time to address all their patients' preventive health issues. 30, 31 Therefore, this study suggests a benefit in partnering with trained dental professionals in well-child care for young children. For example, integrating dental hygienist services into a well-child care setting may provide the needed time and expertise for a complete caries risk assessment, oral health counseling, and possibly even preventive treatments, without further burdening the well-child visit conducted by the PCP. This suggestion is in line with a Government Accountability Office Report that recommends more effort be applied to PCP education or the use of ancillary staff for addressing children's oral health. 23 Some models of integrated pediatric and dental care have already emerged across the country, but they remain the exception. 32, 33 Either through further education and/or integration of dental services, pediatricians who provide well-child care must be able to offer meaningful caries risk assessments to their patients, especially since the current recommendation for all children to visit a dentist by age 1 creates more competition for pediatric dental visits and may further reduce access to dental care for high-risk children. 34 However, further research is needed to determine the most feasible means of improving the oral health care received by children during well-child visits.
Conclusions
If a PCP has received the level of oral health training typical for an accredited pediatric health training program, then the visible plaque exam conducted by this PCP during well-child care may not be predictive of the child actually having visible plaque on his or her teeth. This possibly reflects a larger difficulty with well-child care, in which the PCP often lacks the time or skill to address all screenings and assessments recommended. Therefore, to improve the caries risk component of wellchild care and comply with oral health screening recommendations, PCPs either need to receive further education in oral health exams or incorporate trained ancillary staff into their practices.
